To solve increasingly complex global health problems, health professionals must collaborate with professionals in non-health-related fields. The Universidad Peruana Cayetano Heredia and University of Washington created the NIH-funded Kuskaya training program in response to the need for transformative global health training for talented graduates from all disciplines. Kuskaya is a 1-year, interdisciplinary training program that teaches Peruvian and US graduates critical skills related to public health research through the design and implementation of a collaborative research project in Peru. Between 2014 and 2018, the program has trained 33 fellows, of which one third were from non-health disciplines. The program is unique because it targets junior trainees from disciplines outside of the health field, the program's curriculum is adapted to fit the fellows' backgrounds and professional aspirations, and the structure of the program allows for collaboration within the cohort and encourages fellows to apply for additional funding and pursue advanced degrees. Lessons learned in designing the Kuskaya program include: 1) involving mentors in the fellow selection process, 2) involving fellows in existing lines of research to increase mentor involvement, 3) institutionalizing mentoring through regular works-in-progress meetings and providing mentoring materials, and 4) defining a core curriculum for all fellows while providing additional supplementary materials to meet each cohort's needs, and evaluating their progress. Kuskaya provides an innovative model for bi-national, global health training to engage and provide a public health career pathway for all professionals.
Introduction
Globalization has produced a heightened awareness of problems affecting population health that require the expertise and collaboration of multiple disciplines to effectively implement change. [1] [2] [3] Although solving these problems is difficult, the formation of cross-and interdisciplinary collaborations between different disciplines, the private and public sectors as well as different levels of government, and thinking "outside of the box" can result in innovative tools, processes, and products to reduce the burden of disease throughout the world. 4, 5 A diverse range of professionals -from within and outside the health professions -are often involved in global health projects, with the global agenda becoming more focused on the development and implementation of innovative technologies such as point-of-care diagnostic tests [6] [7] [8] or e-health. [9] [10] [11] However, the literature rarely mentions global health research training for non-health professionals -with the exception of biomedical informatics training. [12] [13] [14] [15] Global health training programs vary in objec-tives, size, duration, intensity, and quality; however, interestingly, both global health and innovation literature emphasize the concepts of interdisciplinarity and teamwork, [16] [17] [18] [19] [20] [21] [22] as well as mentoring 23, 24 -particularly in its practical application to real-world, complex, and global problems ( Figure 1 ). The question remains: How do we broaden global health training to integrate participants from other disciplines?
To this end, herein, we share the experience of an innovative global health training program for young professionals from both health and other disciplines that was developed and implemented by the School of Public Health and Administration at the Universidad Peruana Cayetano Heredia (UPCH) in Lima, Peru, and the Department of Global Health at the University of Washington (UW) from 2013 to 2018. Kuskaya: an Interdisciplinary Training Program for Innovation in Global Health, supported by the Fogarty International Center of the US National Institutes of Health (NIH-Fogarty), offers an innovative, interdisciplinary, academic, and field-based program for talented graduates from health and non-healthrelated disciplines to think creatively about how to develop and implement interventions to address public health issues of critical importance for Peru and of strong relevance to other countries. Kuskaya means "working together" in Quechua -a native language of the Andes.
Prior global health training initiatives between UW and UPCH
Prior global health training initiatives between the UW and UPCH formed the foundation of the Kuskaya program's key components, including a strong base of faculty mentors at both institutions, intentional matching of fellow pairs to include at least one from each institution from complementary disciplines, and efforts to continue promising lines of research over subsequent years through UPCH support. A Global Health Demonstration Program in Peru was awarded to UPCH by NIH-Fogarty and implemented between 2005 and 2012 at UPCH, 22, 25 which resulted in the development of a 5-year Bachelor's and Master's degree in Public Health and Global Health. 26 In 2010, the UW and UPCH received a Framework Programs for Global Health Signature Innovations Initiative award funded by the American Recovery and Reinvestment Act. This award allowed us to pilot an interdisciplinary education, training, and mentoring program in Global Health leadership, policy, and management for postdoctoral fellows. Lessons learned from these research training initiatives were used to tailor a new program aimed to help build the next generation of global health leaders working together.
Fellow selection process
Fellowship applications were reviewed by the Fellow Selection Committee, comprised of the Program Directors and Program Coordinator of the Kuskaya program, and two faculty members from the UPCH. Applications were scored according to the synergy and relevance of the proposed research to the existing lines of research; the likelihood of academic success; and soft skills including leadership, teamwork, and flexibility; the most promising candidates were invited to interview with the Committee.
On average, we accepted one out of nine candidates. In total, 33 fellows were selected over the course of the program and 36 fellowships were offered; three fellowships were extended for a second year for exceptional fellows ( Table 1) .
The Kuskaya training program
The goal of the NIH-Fogarty-funded Kuskaya training program was to develop a new generation of innovative leaders in global health who are capable of working collaboratively with interdisciplinary teams of colleagues from the South and North to frame problems and develop creative, innovative solutions through research. Between 2014 and 2018, the Program offered 12-month fellowships to US and Peruvian residents and citizens to design and implement a global health Figure 1 Framework for understanding shared key components related to the development of innovations and global health training programs. Notes: Global health and innovation literature emphasizes interdisciplinarity, teamwork, and mentoring as key components for a successful approach. Grand Challenges Canada developed the term integrated innovations tM to refer to the coordinated application of scientific/technological, social, and business innovation to develop solutions to complex challenges. this approach highlights the powerful synergies realized by aligning all three to address a single challenge -specifically, speaking to developing whole solutions for complex global health challenges. 
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Kuskaya: training program for innovation in global health research project in Peru. Fellow projects and experiences are summarized on the program website: www.kuskaya.org. The Kuskaya training program is composed of four primary academic activities: 1) courses, 2) a mentored research project, 3) monthly events and seminars, and 4) interdisciplinary mentoring (Figure 2 ). To account for the diverse backgrounds and education levels of our trainees, flexibility was built into the training program through individual development plans, which were implemented during the program.
Courses
The Kuskaya courses are mandatory for all fellows and were implemented over the course of the fellowship. Intensive courses were placed at approximately months 1, 5, and 12 of the fellowship to combine both theoretical and practical learning, and to allow fellows to focus on key, time-consuming moments during the research project, including independent review board (IRB) protocol submission, fieldwork, and manuscript writing.
advanced topics in global health (Month 1)
Daily classes during the first month of training provided a theoretical background for diverse issues related to global health and relevant tools to address these issues, with a focus on Peru. Topics included: Introduction to Global Health, Peruvian Health Systems, Social Determinants of Health, Implementation Research, Public Policy and Stakeholder Mapping, Social Business Models, Interculturality and Health, Qualitative and Quantitative Methods, Data Analysis, Epidemiology, Ethics in Research, and Leadership and Negotiation. In addition, this 1-month orientation included site visits to health establishments, public health organizations, and ongoing research projects.
Qualitative methods workshop (Month 5)
A 2-day workshop on qualitative methods was taught during Month 5 of the fellowship, when fellows were typically analyzing their results. The workshop included a theoretical component and hands-on practice sessions in qualitative analysis. • potential health impacts of climate change in Latin america: a systematic review. In preparation.
• Revealing and quantifying the social benefits of investing on green areas in Lima: a tool for monetary benefits assessment of a climate change mitigation strategy. In preparation. 
2015-2016
Papers • How leisure activities in public spaces improve well-being in older adults. in preparation.
• Leisure activities for older adults in public spaces: a systematic review. in preparation. • Relationship between interactive patterns and depressive symptomatology in mothers and children from 9 to 11 months in Lima. in preparation.
Degrees and further studies
• Effectiveness of a program that seeks to promote shared reading and improve language development. in preparation.
overcoming gaps for the implementation of maternal health interventions in the peruvian amazon 2017-2018 Papers • overcoming gaps for the implementation of maternal health interventions in the peruvian amazon. in preparation.
• Cultural and structural barriers and facilitators for maternal and newborn health care. in preparation.
• toward an intercultural health care model in the peruvian rainforest: perspectives from the community and health providers. in preparation. Additional funding -identifying and overcoming gaps in maternal and neonatal health services in the peruvian amazon.
peruvian College of Medicine. Rejected. Peru. Submitted/under review.
• prevalence of antibiotic resistance and extended-spectrum beta-lactamase production in migratory shorebirds in paracas national Reserve in peru. in preparation. Additional funding -"Environmental Health Scholars individual development plan," GEoHealth Hub, Rollins School of public Health, Emory university. Rejected. Degrees and further studies -Md student, School of Medicine, university of Washington in the entire research cycle from development of the proposal to fieldwork, data analysis, and publication. Fieldwork allowed fellows to develop a set of new skills -planning, development, validation and implementation of instruments, negotiation, and working with local community leaders -which would not have been included in a secondary data analysis. In addition, the Kuskaya training program organized symposiums or summits focused on research areas related to fellow research topics: climate change, One Health, and innovations in global health (Table 3) .
Events and seminars

Mentoring
Mentorship was a key component of the Kuskaya training program. Each Kuskaya research team had a mentorship team comprising two to four individuals who brought different, but complementary, strengths to the team and included individuals from US and international institutions. For each group, a "lead" mentor was identified who had the closest supervisory contact with the research team. Two months prior to the fellowship, fellows and their mentors discussed ideas for possible research projects through videoconferencing and, during the first week of training, fellows and mentors read through and signed a series of documents on mentoring, including a Mentoring Handbook, Compact Form, Encounter Form, and Checklist, which helped to establish expectations for the year. These expectations focused on personal and professional goals, frequency of meetings, and preferred mechanisms of communication. Mentors met with fellows at least twice each month and as frequently as several times a week, depending on fellow and project needs.
In addition, the Kuskaya research teams had monthly work-in-progress sessions with UW and UPCH Program directors and their mentors, during which they presented project advances and discussed the challenges they encountered.
Highlights from the Kuskaya training program
The Kuskaya training program differed from other training programs in that it was "South-led," interdisciplinary, and trained both health and non-health professionals. primary awardee from an low-and middle-income country
Of the 35 grants awarded through the NIH-Fogarty's Framework Programs for Global Health Innovation (FRAME Innovation), only three were awarded to non-US institutions, including the Kuskaya training program. In addition, of the current 10 FRAME Innovation grants, Kuskaya is the only grant awarded to a non-US institution. The implications of having a foreign institution as primary awardee include: lower salary requirements, which resulted in a higher number of fellows trained; and potentially more sustainable lines of research defined by the local, non-US institution.
Fellow characteristics: junior trainees from disciplines outside of traditional health disciplines
Fellows typically apply to this program to acquire skills in global health research either before or after obtaining a terminal degree (eg, PhD, MD, DVM, MBA, MSEng). Fellows came from a wide variety of disciplines, one third of which were unrelated to health (Table 4) . From 2014 to 2018, we trained 33 fellows, with fellows almost equally distributed between undergraduate-and graduate-level individuals: 12 bachelors (nine Peruvian, three US), ten masters (five Peruvian, five US), three PhD students (all US), seven professional doctorates (all Peruvians), and one postdoctoral fellow (Peruvian). In Peru, it is still uncommon for people to pursue graduate studies. However, the Kuskaya fellowship not only provided an opportunity for talented graduates from other disciplines to become involved in a rigorous training program in public health research, but also connected fellows to other researchers from US and Peruvian higher education institutions. This resulted in 17 (51.5%) of our fellows pursuing advanced degrees or further studies in health science or public health during and after the Kuskaya fellowship.
Extending research training for exceptional fellows
Unlike other programs that end after a year, the Kuskaya fellowship allowed exceptional fellows to extend their training. Productive fellows were eligible to apply for an additional year of stipend and research support. If selected, they were also required to serve as a junior mentor to the incoming cohort, thereby benefitting both the program and the indi- Due to the interdisciplinary nature of the program, more experienced fellows were able to make important contributions to other projects as well as collaborate outside of their research team. For example, an economist and a veterinarian from different research groups decided to submit a proposal together in response to the "Bright Ideas" Request for Proposals (Ideas Audaces in Spanish) offered by the National Council of Science, Technology and Technological Innovation (CONCYTEC in Spanish).
pilot grants leading to additional funding and degrees
The Kuskaya program provided seed funding for interdisciplinary pilot projects in global health. Fellows were encouraged to expand upon existing pilot projects and apply to additional funding sources.
The Kuskaya program has successfully nurtured trainees from diverse backgrounds to be independent researchers in public health. One example is Mariella Siña, a 2014 cohort Kuskaya fellow with a background in chemical engineering; she applied for funding from CONCYTEC for a proposal entitled "Implementing eco-efficient measures in households in Lima to reduce the environmental footprint" and was funded $50,000 USD. Renzo Calderón and Camila Gálvez, a physician and an architect, respectively, from the 2015-2016 cohort, were awarded funding for their proposal "KuskaRumiWasi: New construction technologies for the prevention of vector-borne diseases" by the Peruvian Consortium of Universities. Neha Limaye, a 2016 cohort fellow, was a finalist in the call for "Saving Lives at Birth: A Grand Challenge for Development" with her application "Nuestras Historias: Evaluating the Impact of Community-Created Digital Stories to Motivate Healthy Pregnancy and Newborn Decisions in the Peruvian Amazon, A Cluster Randomized Trial." This project received the "Best Practice in Public Management" award at a national competition in 2017.
Lessons learned and recommendations
Furthermore, it is important to discuss some of the challenges and lessons learned during the implementation of Kuskaya.
time constraints for completing an original research project within a year A year is quite short to implement an original project from scratch and in global health. Delays are to be expected, such as backlogs of IRB protocol reviews. The Kuskaya program encouraged fellows to communicate with their fellow pairs and mentoring team for 2 months before the official start date, which helped fellows to define a topic and review the literature before the US fellows arrived in Peru. Moreover, the program relied heavily on directors and mentors to help set a realistic timeframe and project scope in order to successfully complete the project within a year.
Finding the right mentors
Because some research projects involved new lines of research previously unexplored at both institutions, it was difficult, sometimes, to find the "right" mentors -that is, mentors who had expertise in the subject area, experience and disposition, and availability to guide the research group. Investing effort to train new mentors and discuss the expectations and role of mentorship within our institutions was vital to establishing successful interdisciplinary mentoring teams.
Creating a flexible training program
The criteria for Kuskaya fellows included completion of a bachelor's degree, some prior experience in research, and being a good fit with the research project and mentoring team. However, the call for fellows was disseminated to many disciplines -law, engineering, health sciences, humanities, social science, architecture, economics, and communication -which meant that, each year, the cohort profile differed vastly in academic experience and level of education, professional experience, and diversity of disciplines. The program was designed to be flexible: providing a common foundation of basic knowledge in public health during the 1-month orientation and three supplemental intensive virtual courses for those who lacked public health training: 1) Introduction to Epidemiology, 2) How to Develop a Research Proposal, and 3) Introduction to Biostatistics, which were taken by one third of the fellows. In addition, the program implemented additional workshops throughout the fellowship year according to where fellows were in the research cycle. While the core components of the Kuskaya training program were maintained during all four years, however, the program added supplemental content to meet the academic and research needs of each individual cohort.
ability to evaluate impact in meaningful ways
The program provided both academic coursework and handson training in implementing research projects; however, it was important to define measures of a successful training program. We decided to include traditional indicators, such as publications, success at obtaining additional funding, and evidence of professional development (new positions or degrees), which are tracked up to 20 years after involvement in the program.
The Kuskaya program has contributed to the body of scientific knowledge in various disciplines and public health as well as to professional development for trainees across public health and other disciplines. Very few of the fellows had publications before entering the program. Table 2 lists grant proposals submitted and graduate programs completed by the Kuskaya fellows; 12 of our fellows submitted grants, and another three were awarded additional funding. In addition, eight fellows are currently enrolled in a master's or doctoral program, five completed a graduate program, two are in a residency program, and three have completed other fellowships.
Conclusion
Kuskaya: An Interdisciplinary Training Program for Innovation in Global Health represents an innovative and successful South-driven framework for global health training. Junior trainees from diverse disciplines conducted research in US-Peru pairs to develop and implement meaningful projects in Peru. Over the course of the year, they were guided by mentors, connected to research communities, and learned to collaborate with governmental institutions. Through participation in interactive and didactic courses, they acquired traditional skills in global health research and "soft skills" in leadership and negotiation. Overall, Kuskaya provided an innovative model for engaging, training, and inspiring young professionals from health and non-healthrelated disciplines to work together to address grand challenges in global health.
